Prosthetic replacement is often nec essary as part of the corrective therapy to restore function and aesthetics in the periodontally compromised dentition. The remaining teeth are often mobile and may require splinting to enhance patient comfort. Although such teeth cannot function individually, due to the severe loss of periodontal support, once splinted they can survive for a con siderable time provided the periodon tal infection is under control.
1,2 Fixed bridges of a cross-arch design provide a degree of rigidity and result in a more favourable distribution of the mastica tory load along the entire arch, rather than on individual units, therefore pre venting overloading of abutment teeth with reduced periodontal support. 3 Ante's law (1926) 4 is generally referred to as safe prosthodontic design for bridges. It has largely infl uenced pros thodontic thinking and is still taught in undergraduate curricula around the world. It states that 'in planning for and designing fixed partial dentures, the pericemental area of the abutment teeth should be equal to or exceed that of the tooth or teeth to be replaced'. This concept has been questioned, since it attaches more importance to the number of teeth to be replaced than to the amount of remaining periodontal tis sues supporting the abutments and thus the bridge constructions. 5, 6 Defi ant to Ante's unproven postulation, extensive cross-arch bridges by far not fulfi lling the prerequisites of Ante's law have been successfully provided since the 1970s as a means of rehabilitating periodontally compromised patients. Several long term follow-up studies 1, [6] [7] [8] [9] have shown that fixed bridges can be placed and success fully maintained on a minimal number of abutment teeth with greatly reduced periodontal support, provided the pros thodontic treatment is: 1) preceded by adequate periodontal therapy, and 2) followed by a plaque control programme effective enough to prevent recurrence of periodontal disease. If presumptive abutments are well distributed and peri odontal infection is under control, as lit tle as 20-30% of the original periodontal tissue support can be sufficient to carry fixed cross-arch bridges. 6, 9, 10 PRINCIPLES OF PERIO-PROSTHETIC TREATMENT Patient management and treatment sequence in perio-prosthetic therapy As is true for any advanced restorative procedure, appropriate patient selection is critical. Direct patient involvement throughout the clinical stages of the treatment and during the maintenance phase is a prerequisite for a success ful outcome. Patient compliance is of utmost importance; patients not only have to understand and appreciate what is required of them during treatment, they also need to take responsibility for their self-performed plaque control and overall care of the prosthesis.
The management of the perio-pros thetic patient consists of the following sequence: 11 1) Baseline examination/diagnosis/ prognosis/patient motivation 2) Preliminary treatment plan/initial therapy 3) Re-examination after three to six months 4) Definitive treatment plan/corrective therapy: i. Extraction of hopeless teeth and replacement with a temporary cross-arch bridge ii. Periodontal surgery for pocket elimination and/or crown length ening iii.Supportive periodontal therapy for three to six months iv. Reassessment v. Provision of the fi nal cross-arch bridge 5) Maintenance therapy (three to six month recall).
Design of the perio-prosthesis
It is important to visualise the fi nal result before commencing treatment by performing a diagnostic wax-up of the intended reconstruction on appropriately mounted diagnostic casts. A semi-adjust able articulator is normally adequate. The design of the prosthesis can thus be determined and a vacuum formed tem plate produced to assist with construc tion of the provisional restoration at the abutment preparation visit.
Number and distribution of abutment teeth/cantilever extensions A 10 or 12-unit bridge is usually aimed for, depending on functional status and aesthetic requirements, eg quantity and quality of potential abutment teeth and remaining periodontal support, occlu sal contacts, display of posterior teeth. The number and distribution of abut ment teeth are of primary importance. Although cross-arch bridges have been provided in the past, where only two canine teeth have served as abutments for 10 or even 12-unit prostheses with good long-term results, 9, 12, 13 it is gen erally considered safer to have at least four or six abutment teeth for such con structions. Symmetrical distribution of the abutment teeth, eg a situation where maxillary central incisors, canines and second premolars are present and can serve as abutments for a 10 or 12-unit bridge, would be ideal to obtain optimal load distribution to the remaining peri odontium. A minimum of 30% remain ing periodontal support of the abutment teeth is desirable. A maximum of two cantilever units may be incorporated uni-or bilaterally in cross-arch bridges, for functional and/or aesthetic reasons, provided certain prerequisites are ful fi lled. 9 Posterior extension with one or two premolars will ensure occlusal stability by preventing anterior tilting. It is preferable that distal abutment teeth adjacent to cantilever segments are not endodontically treated, to reduce the risk of abutment tooth fracture. 14, 15 If posts are present, a ferrule effect of at least 3 mm should be provided.
Type of restoration margins
Often the amount of attachment loss in these cases allows for supra-gingival placement of the restoration margins. This simplifies restorative procedures and facilitates plaque control at the crit ical restoration-tooth interface by the patient, as well as improved monitoring conditions for the operator during the maintenance phase. Shallow chamfer or even feather-edge preparation margins are more appropriate, since the prepara tions extend onto the root surfaces and a shoulder or heavy chamfer would result in pulp exposure. The type of prepara tion dictates provision of metal collars in the majority of cases. However, this is usually not an aesthetic concern, as the margins are normally covered by the soft tissues of the lips and cheeks and there is no obvious display of metal, unless the patient has an extremely high smile line.
Biomechanical considerations
The biomechanical factors that affect long-term prognosis of these exten sive reconstructions have been defi ned by Laurell et al. 9 and Lundgren and Laurell 16 as:
Retention
The presence of long clinical crowns in periodontal dentitions, as a sequela of clinical attachment loss and/or pocket elimination periodontal surgery, is favourable in terms of retention and resistance form for the fi xed prosthetic reconstruction. Optimal retention is secured by almost parallel preparations of the abutment teeth. Clinical experi ence dictates that the most diffi cult surfaces to parallel are the distal walls of the posterior abutments in relation to the labial surfaces of the anterior 
Dimension
The recommended dimensions for the metal framework, at least mesial and distal to the distal retainer crowns, are 5 mm in height by 4 mm in width. These dimensions should preferably be observed along the entire construction, to avoid fatigue and material fracture.
Occlusion
Even contacts should be established anteriorly as well as posteriorly, with freedom in centric occlusion. The occlu sal morphology should guide the occlusal forces in an axial direction. The palatal surfaces of the maxillary anterior teeth are given a functional morphology 17 to ensure axial load direction. Overbite and overjet should be minimal and the steep ness of cuspal inclines reduced. Lateral movements should be anterior guided with no contacts on the cantilevers. The occlusal contacts should be moni tored regularly and adjusted accordingly during maintenance, as there is a ten dency for greater functional wear ante riorly, which might result in premature contacts on the cantilever segments of the bridgework. 9, 18, 19 Occlusal load and chewing effi ciency The magnitude and distribution of occlu sal load on cross-arch bridges of different designs (end-abutment, uni-or bilateral cantilever) have been studied extensively by applying a method that used several strain-gauge transducers mounted into artificial crowns, bridge pontics or removable dentures. The method allowed measurement of occlusal load in various parts of the dentition and over the entire dentition simultaneously during nor mal function. 18, 20 The total occlusal load as well as the distribution of the forces on the entire cross-arch bridge during chewing and jaw closing were studied. The results showed that the magnitude of occlusal load on the cross-arch bridges during normal function varied consid erably between individuals, which is also in agreement with Carlson et al. 21 The mean total chewing force on cross arch bridges of different designs was 55 to 121 N, whereas the mean maximal bite force in 'habitual occlusion' varied from 264 to 320 N. 16 In the presence of bilateral end-abut ments, the chewing and biting forces were significantly higher in the pos terior than in the anterior regions. The load on the second cantilever unit(s) was considerably lower compared to the first when the bridge occluded with natural teeth, provided ideal occlusal contacts had been established. A minor (80 µm) experimentally induced pre mature occlusal contact on the second cantilever unit, however, dramatically increased the load on the cantilever and thereby the stress to the bridge construc tion and distal abutment with overt risk of fractures. There was a general ten dency towards lower chewing and bit ing forces as the amount of periodontal support of the abutment teeth decreased. The chewing ability of subjects with cross-arch bridges was almost as good as that of subjects with complete healthy dentitions. 20 In their study of 11 'experimental' 12-unit cross-arch bridges supported by two mandibular canines, Carlson et al. 21 confi rmed that the masticatory effi ciency improved after the prosthodontic treatment with out any symptoms of dysfunction of the masticatory system. Biological complications can be pre vented to an extent by regular main tenance visits and a high standard of self-performed plaque control. Endodon tic complications are most likely related to the trauma induced by the restorative procedures and can be as high as 15% on abutment teeth, as opposed to 3% loss of vitality of non-abutment teeth, as observed by Bergenholtz and Nyman 22 in a retrospective study of 52 perio prosthetic patients 6 to 11 years after treatment.
COMPLICATIONS
The most common technical com plication is loss of retention and that can be avoided by adhering to sound principles of tooth preparation. 1, 19 Tech nical complications are relatively low with these bridges compared to other types of fixed prostheses. Nyman and Lindhe 1 reported a total of less than 8% technical complications following an eight-year maintenance period of 332 bridges in 251 patients who had been treated for advanced periodontal dis ease. These consisted of loss of reten tion (3.3%), fracture of abutment teeth (2.4%) and fracture of the bridgework (2.1%). Yi et al. 6 evaluated a total of 43 cross-arch bridges in 34 patients, and concluded that 86% of the constructions were still in function after an average time of 15 years. The low rate of com plications in these cases is attributed to the special characteristics of periodontal abutments, ie long clinical crowns that allow for increased retention and robust frameworks, as well as close follow-up of the patients to ensure high standards of plaque control and monitoring of the perio-prosthetic constructions on a reg ular basis. Overall, failures in this type of extensive fixed prostheses (i) increase with time, (ii) are more common in can tilever constructions, and (iii) occur more frequently in patients treated by general dental practitioners than at a specialist clinic. 23 Based on the above, it can be stated that the indications and contra-indica tions for extensive tooth-supported fi xed prosthodontic treatment in periodontally compromised patients are as follows: 
Indications

Contra-indications
• Lack of patient motivation/compliance • Unrealistic aesthetic demands; these constructions are mainly functional and, although excellent aesthetics can be achieved, this is not the pri mary goal of treatment 
CASE PRESENTATION
A case is presented of a 52-year-old female patient (Figs 1,2 ) to illustrate this perio-prosthetic treatment concept. The patient had periodontal therapy two years previously in the Periodon tology Clinic, Eastman Dental Hospital (EDH) & Institute, London. She required prosthetic rehabilitation, having lost a number of teeth due to severe peri odontal disease as well as dental caries in the past. The remaining teeth were extensively restored. Perio-prosthetic treatment was carried out as part of a five-year prospective clinical case series study, which is currently in progress at EDH. The two-year results of that study have been presented elsewhere. 24 Previous periodontal treatment con sisted of: (i) initial periodontal therapy, (ii) re-examination, (iii) periodontal surgery, and (iv) supportive periodon tal therapy. The patient was wearing a maxillary removable acrylic par tial denture as a temporary prosthesis. Tooth 31 had been replaced at the time of initial periodontal therapy with an immediate adhesive resin bonded bridge using the crown of the tooth as a pontic. There were deficient restorations in need of replacement on: (a) 11, 12, 14, 21, 23: porcelain-fused to-metal crowns had been present on these teeth for over 20 years (b) 13: extensive mesial Class III com posite restoration.
Medical history
There was history of Hepatitis A 10 years previously. Treatment plan/Treatment 1) Diagnostic wax-up (Fig 3) . Decision to proceed with a maxillary 10-unit cross-arch bridge 15 (Fig. 6 ) 4) Localised pocket elimination/ crown lengthening surgery 14-13, 23 5) Supportive periodontal therapy 6) Reassessment (Fig. 7)  7 ) Provision of the fi nal cross-arch bridge 15 14 13 12 The preparations of the abutment teeth were refi ned follow ing periodontal surgery (Fig. 8 ) and a working impression was made using heavy/light body addition cured sili cone (President Coltène® Whaledent, Coltène/ Whaledent AG, Feldwiesen strasse 20, 9450 Altstätten, Switzer land) in a custom acrylic tray. The laboratory work was provided by Aurum Tandteknik AB, Örebro, Swe den. The framework was constructed using Wirobond® C (Bego, Bremen, Germany), a nickel-free cobalt/chro mium (Co/Cr) alloy with veneering capacity. Metal try-in/jaw registra tion using Duralay resin (Duralay, Reliance, Dental Mfg. Co., IL 60482, USA) ( Fig. 9 ) and porcelain try-in at bisque bake stage allowed refi ning of the occlusion. The final bridge (Figs 10-12) was cemented permanently using zinc phosphate cement (Phos phaCem® IC, Ivoclar Vivadent AG, FL-9494 Schaan, Liechtenstein) 8) Maintenance care at three to six month intervals (Figs 15-16 ).
DISCUSSION
This paper describes the principles of rehabilitation of periodontally compro mised patients using extensive bridges of cross-arch design. One of the seque lae of advanced periodontal disease is tooth loss. It is accepted that not every missing tooth has to be replaced, espe cially in posterior parts of the mouth, provided there are stable occlusal con tacts, and the shortened dental arch concept is well established. 25, 26 How ever, the number and distribution of missing units, together with patient comfort factors, often render prosthetic rehabilitation necessary. Fixed restora tions are generally considered prefer able because they splint mobile teeth, resulting in a more favourable distribu tion of functional load to the remaining periodontium. 3, 27 The concept of perio-prosthetic treat ment was introduced in Sweden in the 1970s. 7, 8 The provision of extensive cross-arch bridges in those days in cases that often seemed to be hopeless no doubt reflects not only the patients' preference for a fixed replacement of their missing teeth, but also the operators' conviction for the potential of these constructions. Implant treatment was not available as a treatment option at that time. However, it is possible that today a great number of periodontally involved teeth may be 'sacrificed' in preference to implant treatment in periodontally compromised patients. Although implants can be inte grated successfully in the treatment of periodontally compromised dentitions, 28 32 a number of studies have raised con cerns about long-term survival and success in cases with a history of peri odontitis. [33] [34] [35] [36] In a 10-year study of the ITI® dental implant system, Karoussis et al. 37 reported lower survival and suc cess rates and a higher percentage of biological complications for the group of patients who had lost their teeth due to periodontitis compared to patients without a history of periodontal disease. Certainly, periodontal disease should be under control prior to implant placement, to reduce the risk of peri-implantitis. [38] [39] [40] A recent systematic review on the out come of implant therapy in patients with previous tooth loss due to periodonti tis 41 concluded that, although implant survival did not differ in patients with and without a history of periodontitis, there was an increased incidence of peri implantitis and peri-implant marginal bone loss in the group of patients who had lost teeth due to past periodontal disease. It was suggested that appro priately designed long-term studies are required before any fi nal conclusions can be drawn about the outcome of implant treatment in patients with a his tory of periodontitis.
In the presented case, extensive bone grafting would have been required for horizontal and vertical ridge augmenta tion prior to implant placement. Often patients are not willing to undergo extensive and potentially unpredict able bone grafting procedures, which have their own morbidity implications, especially when bone is harvested from extra-oral sites, ie the iliac crest. Finan cial and time factors are also crucial in determining the most appropriate treat ment option for each patient. The original cross-arch bridges were made using gold frameworks and acrylic veneers, mainly because these were the state-of-the-art materials in use in fixed prosthodontics at that time. In the mid-1980s, advances in the fi eld of dental ceramics led to almost universal application of porcelain as the veneer ing material. Increases in the price of gold during the 1990s, and lately in Sweden, changes in the reimburse ment regulations of dental care for the elderly (65+) have moved the focus to non-precious alloys, as a more economic alternative to gold. 42 The cobalt-chro mium alloy Wirobond® C has been in use for a number of years. This alloy shows some favourable properties, particularly applicable to the fabrication of metal ceramic fixed prostheses, such as bio compatibility, high corrosion resistance, no nickel or beryllium content, rigidity and dimensional stability, prevention of deformation during ceramic fi ring and reliable bond strength with ceramics, high heat resistance and low thermal conductivity. 43 The processing of Co/Cr is generally considered more demand ing compared to gold alloys, and this is where technical expertise becomes important. Overall, the cost reduction is considered to be approximately half the cost of bridge construction with high gold content alloys. 42 The requirement to prepare intact teeth may be seen as a disadvantage in some of these perio-prosthetic cases. However, the alternative can be tooth loss in the long term. Restorative options should be carefully considered, and potential risks and benefits weighed before the most appropriate treatment plan is opted for. A number of the remaining teeth and potential abutments may be unrestored and, seemingly healthy, but they are periodontally compromised and that in itself influences the prognosis and deci sion making signifi cantly.
Psychological issues stemming from tooth loss should not be underestimated. In the above presented case the patient felt this was 'miraculous' treatment and she was given 'a new lease of life'. Often patients who require perio-prosthetic treatment are middle aged, having to cope with a variety of psychological as well as newly discovered general health issues. Retaining a number of their own teeth as a foundation for a functional fi xed pros thesis can be a great source of self confi dence and improved outlook on life.
Considerable operator skill and exper tise are required that can only be attained through appropriate training and per sonal reflection. In cases where treat ment is provided by two specialists, ie a periodontist and prosthodontist work ing together, a high level of co-operation and team work is important during all stages of treatment. In addition, it has to be stressed that in conjunction with an individually tailored recall programme, patient compliance is crucial to a long term successful outcome. This is both in terms of undergoing demanding and complex restorative treatment, but also being able to achieve and maintain an adequate level of self-performed plaque control. In the words of Professor Sture Nyman, 8 '…no treatment of this kind should be given to patients unwilling or unable to maintain a high standard of plaque control, or by dentists unwilling or unable to diagnose the presence of bacterial deposits on the tooth surfaces'. 
